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IN T R O D U C T IO N
T his p ap er addresses the prob lem  of finding  good signal tim ing  
strategies for in terconnected  signals along an  arteria l street. T he 
discussion focuses on im provem ents in the existing m anu a l techniques 
of displaying and  developing signal tim ing  plans.
Fig. 1 shows a com m on arte ria l d iagram  and  a tim e space
Fig. 1. A typical arterial diagram and time-space diagram. Note that the 
vertical axis is distance.
d iagram . T he  trajectory  shown is th a t of a vehicle travelling  u n im ­
peded  along the arte ria l. T h e  speeds shown m ight, for instance, be the
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applicab le  speed lim its. N ote th a t as the speed of the vehicle changes, 
the  slope of the trajectory  also changes. This change in slope is 
som ew hat inconvenient to d raw  since, for each speed, the slope of the 
trajectory  m ust be ca lcu la ted  and  the angle p lo tted .
T his inconvenience is avoided by the m ethod  shown in Fig. 2.
Fig. 2. An arterial diagram and time-travel time diagram. Now the verti­
cal axis is unimpeded travel time, so the trajectory of an unim­
peded vehicle is a 45° line.
H ere, d istance/speed  (or un im peded  travel tim e) is p lo tted  instead of 
d istance. T h e  advantage is th a t now the trajectory  of an  un im peded  
vehicle is a 45 degree line. A 45 degree line is easy to draw  using g rap h  
p ap er or a 45 degree triang le. U nim peded  travel tim e vs. tim e plots 
will be used th roughou t the rest o f this paper.
T H E  ID EA L OF “PE R FE C T ” PR O G R ESSIO N
T he objective o f m ost signal tim ing  schemes is to com e as close as 
possible to the “perfec t” progression shown in Fig. 3. D iagram s such as
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Time
Fig. 3. “ Perfect’’ progression.
this one ap p ear often  in textbooks an d  o ther instructional m ate ria l, as 
though  such a schem e is a com m only used one. For such a schem e to 
work, however, the un im peded  travel tim e betw een intersections, called 
r  m ust be 1 /2  the cycle length , as in Fig. 4. But, typically, r  is betw een
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abou t 10 an d  20 sec. For exam ple, in dow ntow n Lafayette (and  m any 
o ther In d iana  cities), the block spacing is abou t 330 ft. T h e  un im ped  
travel speed is 20 m ph , so r  =  1 1 1 /4  sec. O n N orthw estern  A venue in 
W est Lafayette, d irect m easurem ent shows th a t r  is 20 sec. For 
“perfec t” progression these travel tim es w ould yield cycle lengths o f 22 
1 /2  an d  40 sec., respectively.
In  off-peak periods, these cycle lengths m igh t be long enough to 
carry  the vehicular traffic. (O n N orthw estern  Avenue, in fact, a 40 -sec 
cycle would hand le  vehicular traffic .) But these cycle lengths do not 
m eet o ther requirem ents. In  p a rticu la r, the short phase lengths w ould 
no t m eet pedestrian  in itial and  clearance interval requ irem ents as 
sta ted  in the In d iana  M anual on U niform  T raffic  C ontrol Devices [1]. 
For exam ple, on N orthw estern  Avenue at G ran t Street, the sum of the 
pedestrian  walk plus flashing d o n ’t walk on the two phases in 60 sec. If 
all the signals on N orthw estern  Avenue are to share the sam e cycle 
length , then , the system cycle length  m ust be a t least 60 sec. But w ith a 
20-sec travel tim e and  a 60-sec cycle length , “perfec t” progression c a n ­
not be achieved. T h e  question is, when “perfec t” progression is im ­
possible, w hat is the  best signal tim ing?
T he usual m ethod  of solving this p rob lem  m anually  is the m a x ­
im um  bandw id th  m ethod . Fig. 5 shows a bandw id th  solution for an  ex-
"Phantom" left 
turn phase
Fig. 5. Formal maximum bandwidth solution for an extended version of 
Northwestern Ave., for which t = 20 sec, C = 60 sec. Solid lines - 
through bands; broken lines - platoons when traffic flow is twice 
the through band. Note the interrupted flow.
tended  version of N orthw estern  Avenue. N ote th a t the th rough  bands 
in this case are each 10 sec. long, w hich is only 1 /3  of the available
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green tim e. As long as traffic  is light an d  the platoons fit w ith in  the 
th rough  band , everything is all righ t. Delays are sm all an d  stops are 
few. B ut if, for exam ple, the traffic  is heavy enough  th a t platoons take 
20 sec. to clear an  intersection , the bandw id th  solution no longer works 
well. T h e  broken lines show w hat happens: the second h a lf  o f the p la ­
toon en tering  the first signal stops at the next th ree  signals. By the tim e 
this h a lf  finally gets th rough  several consecutive greens, it has delayed 
the first h a lf of the next p la toon , which m ust also stop at several con ­
secutive signals, and  so fo rth . T his p a tte rn  repeats itself over and  over 
again . T his k ind of in te rru p ted  flow is no th ing  like “perfec t” p rogres­
sion, of course. T h e  average delay is 10 sec per signal per vehicle, and  
the average n u m b er of stops is 2 /3  stop per signal per vehicle.
“P H A N T O M ” L E FT  T U R N  PHASES
Before considering o ther tim ing  plans, note the arrow  ind icating  a 
“p h a n to m ” left tu rn  phase a t one of the signals. D uring  the last 10 sec 
of green at this signal, no th rou g h  traffic  should be using the in tersec­
tion . T his creates an  oppo rtun ity  for opposing left tu rn  vehicles to 
m ake the ir turns, alm ost as though  a left tu rn  phase h ad  been p ro ­
vided. T h e  advantage, of course, is th a t no ex tra  signal heads or o ther 
equ ipm en t is needed , m aking  the signal cheaper to install an d  m a in ­
ta in . Also, a left tu rn  phase need  not be provided all day just because it 
is needed  p a rt of the day. Most of the available signal tim ing  op tim iza­
tion  com puter p rogram  do no t m odel opposed left tu rns accurately, 
an d  so do not provide for p h an to m  left tu rn  phases. But, if the need 
an d  the opportun ity  are recognized, the phase can be included  by 
h an d .
O N E-W AY PA T T E R N S
Consider the prob lem  of finding  a b e tte r p a tte rn  for N orthw estern  
A venue. Newell [2] proved th a t, u n de r traffic flow n ear bu t no t quite 
at sa tu ra tio n  (he called this “heavy” flow), the best solution is a o n e­
way p a tte rn  betw een each p a ir o f signals. An exam ple of such a p a t ­
te rn  is shown in Fig. 6. In this case, the top  two signals are progressed 
for down traffic, the 2nd an d  3rd  for up  traffic, the 3rd  an d  4 th  for 
down traffic again, an d  so forth . T h e  average delay is 10 sec per signal 
per vehicle, and  1 /2  stop per signal per vehicle, regardless of the flow. 
N ote th a t the delay is the sam e as w ith the m axim um  bandw id th  solu­
tion earlier when the flow was 2 /3  of the capacity  of the green, bu t 
there  are fewer stops w ith this schem e, m aking  the one way p a tte rn  the 
b e tte r solution. As it tu rns ou t, w hen flows are  less th a n  abou t 1 /2  of 
capacity , the m axim um  bandw id th  solution is be tte r, otherwise the 
one-way p a tte rn  is bette r.
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Fig. 6. A “heavy traffic” solution for Northwestern Avenue. (This is 
alternating one-way solution.) This solution gives least delay and 
stops if band nearly fills green time. Note there is no through 
band.
T he p a tte rn  shown in Fig. 6 could be called an  “a lte rn a tin g  on e­
way” solution. As long as the flows in the two directions are equal, this 
pattern-provides for one-way progression betw een each p a ir of signals. 
A no ther p a tte rn  in this fam ily, for instance, is a pu re  one way solution. 
In  fact, despite its ap p aren t unfairness to the non-progressed direction , 
the pu re  one-way p a tte rn  gives least delay when the flows in the two 
directions are heavy bu t unequal or w hen there are m ore tu rn in g  
m ovem ents in one d irection  than  in the o ther.
D O W N T O W N  SIGNALS
T h e  problem  of tim ing  signals on a two-way street in a dow ntow n 
area  yields a d ifferent solution. Typically in this case, r  is a sm all fra c ­
tion  of the cycle length , at m ost abou t C /4 . Fig. 7 shows an exam ple 
for w hich r is 1 /6  of the cycle length . In this situation , the m axim um  
bandw id th  solution is a trip le  a lte rn a te  p a tte rn  as shown. T he  bands 







Fig. 7. Maximum bandwidth solution for a typical downtown two-way 
street (r = 10 sec, C = 60 sec). This is a triple alternate pattern. 
Solid lines - through hands (max. flow = 180 veh /h r/lane); 
broken lines -flow is twice the through band, resulting in in ter­
rupted flow.
veh per h r per lane. T his flow is qu ite  small and  is often  exceeded. Fig. 
7 shows th a t if, for instance, there  are twice as m any vehicles as can  fit 
in the th rough  b an d , the result is in te rru p ted  flow. Also, there  is a 
po ten tia l a t every th ird  signal for “b lock ing .”
Blocking occurs w hen, as in Fig. 8, the green  tim e at a signal is 
m ore th a n  sufficient to serve all the vehicles in the block upstream , b u t 
the upstream  signal prevents vehicles from  utilizing the last p a rt of the 
green. As shown in the lower p a rt of Fig. 8, a d ifferen t choice of offset 
(such as 0 offset, i.e. sim ultaneous tim ing) can prevent blocking. As a 
ru le of thum b  blocking can occur if r is less th a n  abou t 1 /4  - 1 /6  the 
cycle length . Most signal tim ing  optim ization  program s do no t m odel 
blocking, and  thus canno t prevent it. But it is easy to check for b lock­
ing m anually , and  such checking can  prevent a bad  situation .
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Blocking occurs when a signal serves all the vehicles in the block upstream of it and has 
some green time left, but no vehicle can utilize it. A loss in capacity of the intersection 
results.
A different choice of offset can eliminate it.
Signal timing optimization programs do not model blocking and therefore cannot prevent 




A b e tte r p a tte rn  for fairly heavy flows on a 2 -way CBD street is 
shown in Fig. 9. H ere all signals along a street tu rn  green
Fig. 9. Heavy traffic solution for typical downtown two-way street (simul­
taneous pattern). Note that blocking cannot occur because queue 
lengths do not exceed about 1/2 block length.
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sim ultaneously. Blocking canno t occur because queue lengths never ex ­
ceed abou t h a lf a block length . N ote also th a t no th rough  b an d  exists 
in e ither d irection , b u t th a t the lack of blocking prevents the possible 
loss in  capacity  caused by the trip le  a lte rn a te  p a tte rn . U nder the 
sim ultaneous p a tte rn  shown in Fig. 9, the average delay is 10 sec per 
signal per vehicle and  the average n u m b er of stops is 1 /3  stop per 
signal per vehicle. U nder the trip le  a lte rn a te  solution, bo th  the delay 
an d  n u m b er of stops go to infinity  if the flow exceeds 2 /3  o f the m a x ­
im um  allowed by the green tim e. W ith  flows less than  1 /3  of capacity , 
the trip le  a lte rna te  system gives alm ost no delay an d  no stops. T h e  best 
p a tte rn  changes d ram atica lly  w ith d ifferen t levels of flow.
SUMMARY
T raffic  signals on arterials can  be tim ed  m anually , b u t no single 
p a tte rn  is likely to work well u n de r all conditions. If traffic  is light, 
then  a m axim um  bandw id th  solution will m ost likely be satisfactory. If 
traffic  is heavy, then  the solution depends on w hether the betw een in ­
tersection travel tim e is g rea ter or less th a n  abou t C /4 . If  the travel 
tim e is g reater, a one-way p a tte rn  should be used. If it is less, th a n  a 
sim ultaneous p a tte rn  should be used to prevent blocking. W ith  any 
schem e, p h an to n  left tu rn  phases should be considered before actual 
left tu rn  phases are installed.
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